Neuroendocrine lesions of the thyroid are rare. The most common types are medullary thyroid carcinomas (MTCs) and C-cell hyperplasia. MTCs originate from thyroid parafollicular cells that secrete calcitonin which serves as a serum marker of MTCs. Here, the rare case of a calcitonin-negative neuroendocrine tumor (NET) derived from follicular lesions of the thyroid is described. A 34-year-old man presented at our hospital for the surgical management of an incidental thyroid nodule that was observed on an ultrasound sonography (USG) of the neck. Initially, USG-guided aspiration cytology was performed, and a MTC was suspected. The expressions of thyroglobulin and thyroid transcription factor-1, which are thyroid follicular cell markers, and synaptophysin and chromogranin A, which are neuroendocrine markers, was confirmed following surgical pathology. However, the staining of calcitonin, a marker of MTCs, was not observed. A nonmedullary NET of the thyroid is uncommon, and the distinction between calcitonin-negative NETs and MTCs of the thyroid may be important due to differences in their clinical courses and management.
INTRODUCTION
Thyroid neoplasms are classified into three major categories: epithelial, nonepithelial, and secondary [1] [2] [3] [4] . Most primary epithelial tumors of the thyroid are derived from follicular cells and include follicular, papillary, medullary, poorly differentiated, and anaplastic carcinomas [1] [2] [3] [4] . However, neuroendocrine tumors (NETs) of the thyroid, including C-cell lesions, paragangliomas, secondary NETs of the thyroid, and neuroendocrine carcinomas, are extremely rare [1] .
A medullary thyroid carcinoma (MTC) is a NET that originates from parafollicular C-cells and can occur in both sporadic and familial forms [5] . MTCs account for approximately 4% to 10% of all thyroid cancers [6] [7] [8] [9] and are unique because of their expression of calcitonin. Elevated calcitonin levels are a highly sensitive and specific indicator of the prognosis and recurrence of a MTC [9, 10] . Therefore, calcitonin is considered to be the most useful immunohistochemical marker for the diagnosis of MTCs.
The first case of a calcitonin-negative NET of the thyroid was reported in 2011 [11] . In such cases, a careful interpretation of the immunohistochemical analyses of the tumor is needed, because calcitonin-negative NETs and MTCs may differ in their clinical course and management. Here, the rare case of a calcitonin-negative NET of the thyroid is described.
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CASE REPORT
A 34-year-old man presented at our hospital for the surgical management of an incidental thyroid nodule that was observed on an ultrasound sonography (USG) of the neck. At the clinic, USG-guided fine needle aspiration (FNA) cytology was performed, and a MTC was suspected. The patient was referred to a tertiary hospital for further evaluation where a core needle biopsy was performed and revealed a nonepithelial neural or neuroendocrine malignancy.
The patient did not exhibit any symptoms and did not have a personal or family history of endocrine disorders or a previous history of exposure to radiation. An examination of the neck did not reveal a palpable nodule or lymphadenopathy, and his physical examination was unremarkable. Prior to the operation, the patient's serum levels of calcium, thyroid stimulating hormone, and free thyroxine were within normal ranges. His serum levels of thyroglobulin antigen were 11.64 ng/mL (normal range, 1.4 to 78.0), his thyroid microsomal antibody was negative, and his serum calcitonin level was 3.70 pg/mL (normal range, <10). The patient's carcinoembryonic antigen (CEA) levels were not measured preoperatively, but a solitary hypoechoic nodule of approximately 0.88×0.57×0.88 cm with increased blood flow was observed in the right thyroid follow- www.e-enm.org 223 ing a USG (Fig. 1) . A cervical contrast-enhanced computed tomography (CT) scan revealed a low density nodule in the same area. A chest roentgenogram, an electrocardiogram, and positron emission tomography/CT scans did not reveal any abnormalities, and there was no evidence of metastasis to the lymph nodes or other organs. The tentative diagnosis was a NET of the thyroid. The patient underwent a right lobectomy in March 2012. The specimen measured approximately 0.6×0.5 cm, and the histological findings revealed a poorly differentiated carcinoma with a solid and trabecular pattern; these features are consistent with those of a NET (Fig. 2) . There was no vascular invasion or metastasis of the tumor cells into regional lymph nodes. Immunohistochemical analyses were performed on the resected tumor (Fig. 3) and showed that the tumor cells were immunopositive for thyroglobulin and thyroid transcription factor-1 (TTF-1), which are thyroid follicular cell markers, and for synaptophysin and chromogranin A, which are neuroendocrine markers. There were no indications of calcitonin or CEA immunoreactivities in the tumor cells (Table 1 ). The patient did not exhibit any clinical evidence of tumor recurrence during the 1 year follow-up period.
DISCUSSION
NETs are neoplasms that originate from cells within the endocrine and nervous systems, and although the majority of NETs are benign, some can be malignant. NETs typically occur in the intestine where they are defined as carcinoid tumors, but they can also occur in the lung and the rest of the body including pancreatic islet cells, the thymus, and parafollicular cells of the thyroid [12] . While NETs have different embryological origins, they have common phenotypical characteristics. For example, NETs are immunopositive for various markers of [12] . Neuron-specific enolase is less specific for NETs [12] . Although neuroendocrine lesions of the thyroid are rare, the most common types are MTCs and C-cell hyperplasia [1, 13] . Other thyroid nodules and tumors that possess neuroendocrine features include hyalinizing trabecular neoplasms, insular carcinomas, true paragangliomas, parathyroid lesions, and tumors metastatic to the thyroid [13] . MTCs are less common but have a worse prognosis. For example, MTCs tend to spread to lymph nodes very early and therefore require a more aggressive treatment than other types of differentiated thyroid carcinomas, such as papillary and follicular thyroid carcinomas. Although MTC tumor cells can produce CEA, chromogranin A, calcitonin gene-related peptide, adrenocorticotropic hormone, amyloid, somatostatin, serotonin, and vasoactive intestinal peptide, calcitonin is the best indicator for the detection, staging, postoperative management, and prognosis of MTCs [14] . However, the differential diagnosis of a MTC is complicated by the wide spectrum of morphological variants [4] .
There are few cases of calcitonin-negative NETs. The first case of a calcitonin-negative nonmedullary NET of the thyroid was reported by Chernyavsky et al. [11] . The tumor in this case expressed follicular cell markers, including thyroglobulin and synaptophysin, and the neuroendocrine marker chromogranin A, but immunohistochemical staining for calcitonin was negative, which is the defining marker of a MTC. In a more recent study, Mussazhanova et al. [15] described the case of a calcitonin-negative small cell neuroendocrine carcinoma which occurred in the thyroid of a patient who had previously been irradiated at a high dose (60 Gy) for pharyngeal cancer; molecular analyses indicated a follicular cell origin. In the present case, the patient had not been exposed previously to radiation; nevertheless, the expression of thyroglobulin, TTF-1, synaptophysin, and chromogranin A were confirmed following surgical pathology. Additionally, although the tumor originated from thyroid follicular cells, it was negative for calcitonin.
The growth patterns of primary thyroid tumors that are not of neuroendocrine origin can sometimes mimic NETs, particularly MTCs. As mentioned by Chernyavsky et al. [11] , the differentiation between a MTC and a NET is important, because the prognosis and treatment may be very different. FNA of thyroid nodules is one of the safest and most useful tools available for the diagnosis of thyroid tumors. However, the diagnosis of a MTC using FNA has several drawbacks, and the use of serum calcitonin levels for the diagnosis of MTCs remains controversial [14, 16] . Thus, it is important for the physician to be aware and suspicious of nonmedullary NETs when the cells are negative for calcitonin but positive for thyroglobulin. Furthermore, immunohistochemical staining plays a key role in the differentiation of the origin of cells due to pathological limits.
In conclusion, careful interpretation and caution are necessary when tumor cells are negative for calcitonin but positive for thyroglobulin immunohistochemically, because calcitoninnegative NETs and MTCs may differ in their clinical course and management.
